ABSTRACT
Systemic sclerosis (SSc) is a chronic connective tissue disease that causes systemic inflammation and fibrosis, damaging target organs such as skin, lungs, peripheral blood vessels, kidneys, heart, and the digestive system. 1 Although its pathogenesis is complex and remains unclear, fibrosis is caused by vascular endothelial damage, immune activation, autoantibody formation, and excessive collagen and extracellular matrix production. 2, 3 The disease is three to eight times more common in females than in males, and occurs mainly in the fifth decade of life. 4, 5 SSc is divided into two subtypes according to the extent of skin involvement: a diffuse type involving the proximal limbs or trunk and a limited type involving the distal part limbs. 6 Among the affected internal organs, respiratory involvement indicates a poor prognosis and is the common cause of death in patients with SSc. 7 Respiratory involvement includes pulmonary arterial hypertension (PAH) and interstitial lung disease (ILD). Pulmonary involvement often develops in patients with a longer duration of SSc. 8 However, this is controversial because the patients may not have any pulmonary symptoms during the early stage of the disease, and they develop typical symptoms such as dyspnea on exertion and cough only after the progression of lung fibrosis or PAH. Most of the data on SSc have been collected retrospectively, and might be biased for clinical reasons. Although diverse mechanisms in the cellular and humoral pathway are involved in the pathophysiology of ILD and SSc, no drug can stop the progression of fibrosis or organ damage in SSc. An effective treatment to prevent this progression is needed, and substantial recent research has examined this. 11 The presence of ILD in SSc patients determines the severity and expected prognosis of the disease and the early detection of pulmonary disease has been emphasized. Regular assessment has been recommended for ILD and PAH in SSc patients. 12 To detect ILD earlier, regular pulmonary function testing (PFT) is suggested, including the diffusion capacity of the lungs for carbon monoxide and high-resolution computed tomography (HRCT). 13, 14 The severity of ILD in SSc ranges from limited involvement and non-progressive to severe and rapid progression, and also the symptoms are diverse. 15 There is no distinct feature that patients with ILD might have, and as an initial and essential symptom, cough was identified to be less frequent and less severe in SSc-associated ILD compared to other fibrotic ILDs. 16 Clinical assessment using HRCT showed good diagnostic performance for ILD in SSc. 15 In this study, we aimed to compare the clinical characteristics of SSc patients with or without ILD, and figure out whether the differences can be useful to suspect ILD in SSc.
PATIENTS AND METHODS
The study included 108 patients with SSc (13 males, 95 females; mean age 50.1±13.5 years; range 14 to 78 years) who were treated in the Ajou University Hospital Rheumatology Department between September 1999 and December 2015. The diagnosis of SSc was based on the 1980 American College of Rheumatology criteria for SSc. 17 The study protocol was approved by the Ajou University Hospital Ethics Committee (BMR-SMP-16-387). The study was conducted in accordance with the principles of the Declaration of Helsinki.
Clinical records were collected retrospectively. The clinical features collected included SSc-related symptoms, such as Raynaud's phenomenon, scleroderma, skin ulcers, skin rashes, arthritis, and symptoms associated with the digestive system. Clinical examinations included chest radiography, chest computed tomography (CT), and echocardiography. Laboratory data comprised complete blood cell counts including white blood cells (WBCs), platelets, inflammatory markers, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). The presence and titers of autoantibodies, including antinuclear antibody (ANA), anti-scleroderma 70 (anti-Scl70) antibody, and anti-centromere antibody were gathered. The involvement of each organ was defined as follows: arthritis was defined as the presence of joint tenderness and swelling or arthritic changes on radiography of the musculoskeletal system. ILD was confirmed by chest CT, and PAH was suspected when right ventricular systolic pressure was ≥40 mmHg based on echocardiography.
Statistical analysis
Patients with or without ILD were compared using the two sample t-test, Mann-Whitney nonparametric tests, and chi-square analysis for categorical variables. To identify associations between clinical factors and the development of ILD, we calculated Spearman's correlation coefficient. Two-sided p-values <0.05 were considered statistically significant. All calculations were performed using IBM SPSS Statistics version 22.0 software (IBM Corp., Armonk, NY, USA).
RESULTS
The mean duration of disease was 5.3±4.3 years (Table 1) . Of the patients, 49 (45.4%) 
DISCUSSION
In patients with SSc, pulmonary involvement is related to poor prognosis and it is important to diagnose ILD or PAH quickly to intervene. However, this detection is frequently delayed when cases develop gradually without symptoms such as dyspnea or cough and the typical findings in PFT or on chest radiography. 13, 14, 18 This study investigated the clinical characteristics of patients with SSc accompanied by ILD to identify the parameters suggesting some clues in asymptomatic patients with SSc with ILD.
The incidence of ILD is higher in patients with the diffuse type of SSc than in those with the limited type of SSc. In 3,656 patients with SSc, the European Scleroderma Trials and Research group reported that the incidence of ILD was 53% in patients with diffuse type SSc and 35% in patients with limited type. 18 Our results for the incidence of ILD according to subtype were similar.
Pulmonary involvement was reported to be related with specific ethic, socioeconomic, and behavioral factors in SSc. 19 Patients with SSc with accompanying cardiopulmonary disease had frequent significant abnormalities on nailfold videocapillaroscopy. 20 This is consistent with the increased incidence of digital ulcers due to peripheral vascular abnormalities in patients with pulmonary involvement in our study. Therefore, clinicians should suspect pulmonary involvement if a patient with SSc has abnormal nailfold videocapillaroscopy patterns or digital ulcers. In a recent report about severity and outcome of ILD in SSc, neither subtype of SSc nor specificity of autoantibodies was associated with severity of ILD in SSc, but digital ulcer and PH were closely related with deterioration of diffusing capacity of the lungs for carbon monoxide in SSc patients with ILD. 21 In this study, SSc patients with ILD had higher positive values of anti-Scl70 antibody and lower positive values of anti-centromere antibody compared to those without ILD, and positivity of anti-Scl70 antibody was an independent risk factor for ILD in SSc patients. In line with other studies demonstrating a strong association between antiScl70 antibody and ILD, we found similar results among Korean SSc patients. 22, 23 The SSc patients with ILD had blood cell counts and inflammatory marker levels that differed from those in patients without ILD. Our patients had no secondary infections such as pneumonia, but the WBC and ESR were significantly elevated in SSc patients with ILD compared to those without ILD. Therefore, increased WBC and ESR might represent chronic inflammation status in pulmonary tissue without infection. A large cohort showed that baseline CRP was correlated with shorter survival and decline in forced vital capacity in SSc patients with ILD. 24 CRP is used commonly as other inflammatory markers including ESR, and such data represented circulating markers that might predict inflammation in lung interstitium. CRP level was elevated in patients with ILD in this study without a statistical power. Moreover, several pro-inflammatory cytokines were reported higher in ILD progression in SSc. 25 Pulmonary arterial hypertension in SSc leads to right heart failure and mortality, although its correlation has not been reported. 26 In our series, the incidence of PAH was significantly higher in SSc patients with ILD. As predictive factors for PAH, its incidence was higher in SSc patients with ILD. 27 Conversely, another study reported no association between the severity of ILD and the right atrial pressure measured via right catheterization in SSc patients, suggesting that the pulmonary fibrotic changes in the ILD of SSc differ from those of the pulmonary vascular pathophysiology in PAH. 28 Clinically, combined PAH in SSc patients with ILD leads to a large difference in the prognosis compared to that in SSc patients with ILD only. 29 This study is limited in that it was a crosssectional and retrospective study from a single center, resulting in enrolment of a small number of patients and a lack of data related with progression or survival of SSc. In addition, there was no data of right catheterization for PH and gastrointestinal involvement. Nevertheless, to our knowledge, it is the first to analyze the clinical data of patients with SSc with pulmonary involvement in South Korea, and it shows the differences of SSc patients with ILD for further evaluations regarding ILD.
In conclusion, we analyzed the characteristics of SSc patients with ILD, and found that SSc patients with ILD had longer disease duration, positive value of anti-Scl70 antibody more frequently, positive value of anti-centromere antibody less frequently, higher WBC and platelet counts and ESR compared to those without ILD. The incidence of probable PAH suspected by echocardiography was significantly higher in patients with ILD than those without ILD. After adjustment, positive anti-Scl70 antibody, platelet count, ESR, and the development PH were significantly associated with ILD in SSc patients.
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